the setting of acute myocardial infarction (AMI) is a wellrecognized risk factor for increased mortality, and limited clinical trial data suggest that better glucose control may improve patient outcomes after AMI. 28 Based on these findings, professional societies currently endorse glucose control in patients with hyperglycemia hospitalized with AMI. [29] [30] [31] Enthusiasm for glucose-lowering interventions has been tempered, in part, by concerns of inducing hypoglycemia because randomized controlled trials of intensive glucose control with insulin have shown higher rates of hypoglycemia than standard glucose management. [32] [33] [34] [35] The concerns generated by these findings were further heightened after several observational studies showed that hypoglycemia during a hospitalization for AMI was associated with higher mortality. 22, 26, 36 However, these studies could not distinguish between hypoglycemia that occurs spontaneously (due to severe illness) and hypoglycemic events that occur as a consequence of glucoselowering therapy. Context While glucose control is recommended by professional societies for patients with hyperglycemia hospitalized with acute myocardial infarction (AMI), enthusiasm for glucose lowering is tempered, in part, by concerns of inducing hypoglycemia. Yet, whether episodic hypoglycemia that occurs as a result of glucose-lowering therapy is harmful in patients with AMI is unknown.
These competing concerns surrounding the risk associated with hyperglycemia and the potential risk of hypoglycemia (an occasional, but inevitable consequence of intensive glucose management) highlight a critical unresolved issue. The issue is whether episodic hypoglycemia that occurs as a consequence of glucose-lowering therapy is harmful in patients hospitalized with AMI. Appropriately designed observational studies present the best opportunity to address this knowledge gap by determining whether hypoglycemia that occurs spontaneously and hypoglycemia that occurs following initiation of glucoselowering therapy (such as insulin administration) carry similar prognostic implications during hospitalization for AMI. Specifically, if hypoglycemia was a direct cause of adverse events, it would be expected to be associated with poor prognosis regardless of its etiology.
To address this important knowledge gap, we analyzed data from Health Facts, a contemporary database of patients hospitalized with AMI in 40 hospitals across the United States between 2000 and 2005, to compare the association of iatrogenic and spontaneous hypoglycemia with in-hospital mortality. This database provides a unique opportunity to closely examine the relationship between hypoglycemia and patient outcomes during AMI because it contains detailed information regarding glucose measurements and insulin therapy in a large group of patients. We specifically sought to determine whether the prognostic implications of hypoglycemia differ in patients with AMI who develop hypoglycemia spontaneously and in those who experience hypoglycemia after the initiation of insulin therapy.
METHODS

Data Source
The details of the Health Facts database have been described. 26 This database captures deidentified patient data from the contributor institutions' electronic health records. All 40 participating medical centers in the Health Facts consortium contributed deidentified information on consecutive patients treated between January 1, 2000, and December 31, 2005 . Data included demographic variables (including race/ ethnicity, all abstracted from the electronic medical records and documented during a patient's registration process), medical history and comorbidities (determined from International Classification of Diseases, Ninth Revision, Clinical Modification diagnostic codes), comprehensive laboratory data (including all venous and fingerstick blood glucose measurements during hospitalization), comprehensive pharmacy data, in-hospital procedures (including cardiac catheterization, percutaneous coronary intervention, coronary artery bypass graft surgery), in-hospital mortality, and hospital characteristics (such as geographic region, number of beds, presence of cardiac catheterization and angioplasty facilities, presence of cardiothoracic surgery facilities, teaching vs nonteaching status).
Study Cohort
All patients hospitalized with a primary discharge diagnosis of AMI between January 2000 and December 2005 (using International Classification of Diseases, Ninth Revision, Clinical Modification codes 410.xx and excluding 410.x2, which represents readmission after AMI) who had a glucose measurement on admission and at least 1 documented abnormal troponin I or T or creatine kinase MB fraction were identified (n = 23 613). Subsequently, those patients who were transferred from or to other acute care facilities were excluded (n = 6742) because complete laboratory and medication administration details for the entire episode of AMI care were not available. Patients whose admission glucose level was less than 140 mg/dL (n=8218) (to convert glucose to mmol/L, multiply by 0.0555) were excluded because these patients would typically not be considered candidates for pharmacological glucose lowering in this setting. In addition, 833 patients who had no additional glucose measurements following admission (in patients who were not treated with insulin), or after initiation of insulin (in insulin-treated patients) were excluded because their subsequent glucose levels could not be ascertained. The final cohort included 7820 patients with hyperglycemia on admission and biomarker-confirmed AMI.
Inpatient Glucose Assessment
The Health Facts database provided access to all of the patients' glucose levels (both capillary and plasma assessments), includingtheirmeasurementtime.Whole blood glucose specimens were converted byglucosemetersintoplasmaglucoselevels (in units of mg/dL) for all analyses (plasma glucose=whole blood glucose ϫ 1.15). For clarity, all plasma and capillary glucose measurements are subsequently referred to as blood glucose.
Insulin Treatment and Hypoglycemia Definition
Administration of any insulin during hospitalization (either subcutaneous or intravenous, short-acting or longacting) was considered to constitute insulin treatment, and was used to stratify patients into those who were and were not treated with insulin during hospitalization. The time of insulin administration was recorded for all treated patients. These data were ascertained directly from the Health Facts database.
Hypoglycemia was defined as any random blood glucose level less than 60 mg/dL 37, 38 that occurred either following admission (in patients who were not treated with insulin), or following initiation of insulin therapy (in insulintreated patients). The hypoglycemic events were ascertained by analyzing all of the patients' glucose levels during hospitalization (both capillary and plasma assessments). In a sensitivity analysis, a random blood glucose level of less than 70 mg/dL (hypoglycemia definition used by the American Diabetes Association) was also evaluated for its association with the outcome. tained directly from the Health Facts database.
Statistical Analysis
Baseline demographic and clinical characteristics were compared between patients who did and did not develop hypoglycemia by use of the Pearson 2 test for categorical variables and the t test for continuous variables.
To assess whether development of hypoglycemia is associated with inhospital survival, mortality rates were compared between those patients who did and did not develop hypoglycemia. This was first done in the entire cohort and then within the subgroups of patients who were and were not treated with insulin, using the 2 test. Multivariable logistic regression models were subsequently developed to evaluate whether the association between hypoglycemia and mortality persisted after adjustment for other patient characteristics and potential confounders. These analyses were conducted separately within subgroups of patients who were and were not treated with insulin. Patient characteristics previously demonstrated to be prognostically significant or thought to be clinically important, and covariates identified in bivariate analyses as predictors of inhospital mortality, were entered into the models. Covariates included demographic factors (age, sex, race); comorbidities (diabetes, heart failure, hypertension, cerebrovascular disease, peripheral vascular disease, chronic obstructive pulmonary disease, dementia); laboratory values on admission (creatinine, white blood cell count, hematocrit); peak troponin or creatine kinase MB level; procedures during hospitalization, including revascularization (cardiac catheterization, percutaneous coronary intervention, coronary artery bypass graft surgery); and medications during hospitalization (aspirin, clopidogrel, ticlopidine, ␤-blockers, calcium channel blockers, nitrates, diuretics, bronchodilators, statins, oral antihyperglycemic agents).
Models also were adjusted for the admission glucose level, given its known association with mortality in patients with AMI, 1 and for the frequency of glucose testing because the intensity of testing could be related to both the presence and severity of hypoglycemia, as well as in-hospital mortality. Furthermore, analyses were adjusted for hospital length of stay and clustering by hospital site (using hierarchical logistic regression models with random effects introduced for hospital site). Nonlinear trends for all continuous variables were tested through the use of restricted cubic splines.
Sensitivity Analyses
Several sensitivity analyses were conducted to support the robustness of the findings, and to minimize the possibility of residual confounding. First, all patients who were treated with oral antihyperglycemic agents during hospitalization were excluded from the cohort to eliminate any possible cases of hypoglycemia that occurred as a consequence of these medications. Second, patients who died within 24 hours of admission were excluded to reduce any possible survivor bias. Third, models were repeated using a different definition of hypoglycemia (Ͻ70 mg/dL). 39 Fourth, a diabetesϫ hypoglycemia interaction term was introduced into the models to determine whether the association between hypoglycemia and mortality differed in patients with and without known diabetes.
A 2-sided P value of .05 was considered to be statistically significant. Analyses were conducted with SAS software version 8.02 (SAS Institute Inc, Cary, North Carolina). Use of the Health Facts database was approved by the Saint Luke's Mid America Heart Institute's institutional review board.
RESULTS
Baseline Characteristics
Baseline characteristics of 7820 patients with AMI across the subgroups of those who did and did not develop hypoglycemia are detailed in TABLE 1 and TABLE 2. Compared with patients who did not develop hypoglycemia, a greater proportion of those with hypoglycemic events were nonwhite, female, and had heart failure and diabetes. Patients who developed hypoglycemia were older, had higher admission levels of creatinine, higher white blood cell counts, lower hematocrit and peak troponin levels, were less likely to undergo coronary angiography and percutaneous intervention, and were treated less frequently with non-aspirin platelet inhibitors and more frequently with diuretics, bronchodilators, oral antihyperglycemic agents, and insulin. Patients who developed hypoglycemia also had higher rates of septic shock, respiratory failure, acute kidney injury, longer hospital lengths of stay, and higher glucose levels at admission.
Thirty-nine percent (n=3045) of patients were treated with insulin during hospitalization. Median time to insulin administration in patients who were treated was 6.6 hours following admission (interquartile range, 3.2-16.3 hours). Patients treated with insulin received a mean of 3 insulin doses; 59% received only short-acting insulin, 2.7% received only long-acting insulin, and 38.3% received both. Seventeen percent of insulin-treated patients received insulin intravenously. The median number of glucose measurements following the admission assessment was 6 (interquartile range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] in insulin-treated patients and 3 (interquartile range, 2-7) in patients who were not treated with insulin.
Overall, 482 patients (6%) developed hypoglycemia. Patients treated with insulin experienced higher rates of hypoglycemia compared with those who were not treated with insulin therapy (11.4% [346/3045 patients] vs 2.9% [136/4775 patients], respectively; P Ͻ .001). Among patients treated with insulin, the rates of hypoglycemia were 6.5% (117/1796) for those who received only short-acting insulin, 17.1% (14/82) for those who received only long-acting insulin, and 18.4% (215/1167) for those who received both. The severity of hypoglycemic events was similar between those who developed hypoglycemia sponta-neously, and those who developed hypoglycemia after insulin initiation (mean glucose level during hypoglycemic events, 46.6 vs 45.9 mg/dL, respectively). Mean glucose level during hospitalization was significantly lower in insulin-treated patients who developed hypoglycemia (vs insulintreated patients without hypoglycemia); in contrast, in patients who were not treated with insulin, mean glucose level during hospitalization was similar among those who did and did not develop hypoglycemia ( 
Adjusted Association Between Hypoglycemia and Mortality
After multivariable adjustment, the nature of association between hypoglycemia and mortality continued to differ markedly between those patients who developed spontaneous hypoglycemia, and those who had hypoglycemia following insulin administration. Hypoglycemia was associated with significantly higher mortality among patients who were not treated with insulin vs those without hypoglycemia (odds ratio [OR], 2.32; 95% confidence interval [CI], 1.31-4.12).
However, among those patients who were treated with insulin, subsequent hypoglycemia was not associated with increased mortality risk vs those without hypoglycemia (OR, 0.92; 95% CI, 0.58-1.45; adjusted P = .01 for hypoglycemia ϫ insulin interaction; FIGURE). Figure) .
The interaction test between diabetes and hypoglycemia was not significant (P=.21), suggesting that the relationship between hypoglycemia and mortality was similar in patients with and without known diabetes.
Power Analysis
We observed more than 2 times greater risk of mortality associated with spontaneous hypoglycemia (OR, 2.32 [95% CI, 1.31-4.12] vs OR, 0.92 [95% CI, 0.58-1.45] among patients with iatrogenic hypoglycemia, P=.01). Based on the sample size and variation in outcomes observed in this study, we would have had more than 98% power to detect even a 50% greater risk associated with spontaneous vs iatrogenic hypoglycemia. Therefore, our study was well powered to demonstrate the interaction between hypoglycemia and treatment with insulin and their effect on mortality.
COMMENT
In this large, contemporary cohort of patients hospitalized with AMI, we found that while hypoglycemia was associated with increased mortality, this risk was confined to those who developed hypoglycemia spontaneously. In contrast, hypoglycemia that occurred after initiation of insulin therapy was not associated with higher mortality.
These data suggest that hypoglycemia during hospitalization for AMI is a marker for more critical illness, rather than a direct cause of adverse outcomes and should provide some reassurance to clinicians in their efforts to manage glucose level after AMI.
Several prior observational studies have shown that hypoglycemia during hospitalization for AMI is associated with higher mortality risk. 22, 26, 36 Because hypoglycemia occurs more commonly with the use of intensive glucose-control protocols (which almost universally use insulin), [32] [33] [34] [35] these findings have generated substantial concern, and hampered enthusiasm in regard to insulin-mediated glucose lowering among patients with AMI and hyperglycemia. However, these studies included patients with low and normal glucose levels at hospital admission, who would not normally be considered as candidates for glucose-lowering therapy. 22, 26, 36 More importantly, the studies could not distinguish between patients who developed hypoglycemia spontaneously (likely as a result of severe systemic illness; eg, shock, sepsis, liver or multiorgan failure, malnutrition, or adrenal dysfunction), and those who developed it as a consequence of glucose-lowering therapy. These 2 etiologies of hypoglycemia may have drastically different pathophysiology 
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and consequences, but the critical question of whether they carry different prognostic implications was not addressed until now. By evaluating the largest patient sample to date that addresses the issue of hypoglycemia in AMI (both in terms of overall patient numbers as well as hypoglycemic events), focusing on patients who are potential candidates for strict glucose control, and analyzing the prognosis associated with hypoglycemic events separately in patients who were and were not treated with insulin, our study adds substantially to the prior findings and extends the current understanding of the relationship between hypoglycemia and mortality in AMI. Our results also support the findings of the recent report from the Diabetes Mellitus Insulin-Glucose Infusion in Acute Myocardial Infarction 2 (DIGAMI-2) study, in which episodic hypoglycemia that occurred as a consequence of insulin therapy in patients with AMI and known diabetes was not associated with increased mortality risk. 41 Our findings have implications for the field of glucose control among AMI patients with hyperglycemia. Although the impact of glucose lowering on patient outcomes, as well as specific thresholds for insulin initiation and glucose treatment target levels remain subjects of debate, based on the information from previous observational studies and limited clinical trial data, 28 the clinical practice guidelines and position documents of the American College of Cardiology and the American Heart Association currently recommend glucose control in patients with AMI and significant hyperglycemia. [29] [30] [31] Insulin administration continues to be the most effective means of glucose control in the acute hospitalization setting. 31 Even the best insulin protocols are likely to produce some hypoglycemic events. 42 While rigorous efforts to avoid hypoglycemia are certainly warranted, our findings provide some degree of reassurance to clinicians that episodic hypoglycemic events, which occur in a setting of glucose control with insulin, do not appear to be associated with increased mortality risk.
The most likely explanation for our findings is that hypoglycemia is a marker, rather than a direct mediator of higher mortality in the setting of AMI. Certainly, patients who develop hypoglycemia spontaneously appear to have greater illness severity and comorbidity (as was seen in our study), and their hypoglycemic events are likely to be the result of severe concomitant conditions. Some of these factors may not be adequately captured in retrospective observational studies, and therefore could confound the previously reported association between hypoglycemia and higher mortality risk. The fact that hypoglycemic events were not associated with higher mortality risk in insulin-treated patients (despite a much higher rate of hypoglycemic events in this group) suggests that hypoglycemia itself is not a direct cause of adverse events following AMI.
An alternative explanation, however, is also possible. In our study, mean glucose levels during hospitalization were overall similar between patients who did and did not develop hypoglycemia in the absence of insulin therapy. However, in the insulin-treated group those who experienced hypoglycemia had a significantly lower mean glucose level during hospitalization than insulin-treated patients without hypoglycemia (probably as a result of more aggressive insulin therapy). The association between lower mean glucose level and better survival has been documented in prior studies. 26, 27 While our findings do not necessarily suggest that better glucose control with insulin is beneficial in a setting of AMI, it is possible that any detrimental effect of hypoglycemia (eg, higher levels of catecholamines) 37 could be offset by a potential positive effect of improved glucose control in the insulin-treated patients-with these 2 competing processes producing a net neutral effect on mortality. This hypothesis is supported by data from the recent metaanalysis of intensive glucose-control clinical trials among critically ill patients, which observed a markedly higher rate of hypoglycemia in the intensive glucose-control group compared with usual care, but no significant difference in mortality. 32 Therefore, vigilant efforts on the part of clinicians to minimize hypoglycemia (by using glucose-control protocols with known safety records) are certainly warranted.
The results of our study need to be interpreted in the context of several potential limitations. First, given the retrospective nature of the analyses, a possibility of residual confounding cannot be entirely excluded. While we rigorously attempted to account for baseline differences between patients with and without hypoglycemia in the insulin-treated and non-insulin-treated groups, and performed numerous sensitivity analyses, residual unmeasured differences may persist. Specifically, we were not able to control for certain clinical variables, such as the presence of STsegment elevations. However, adjustment for the presence of ST-segment elevations did not significantly affect the prognostic effect of glucose levels in our prior studies, 1 and we were able to control for other measures of infarct severity, including peak troponin level and multiple other clinical factors. Information on the duration of diabetes, body mass index, and on whether hypoglycemia was symptomatic also was not available, but is not likely to have affected our findings.
Second, the number of patients who experienced hypoglycemia was relatively small. Nevertheless, our study represents the largest one to date (both in terms of our patient sample and the number of hypoglycemic events) that specifically addresses the relationship between hypoglycemia and mortality in AMI. Moreover, the differences in the relationship of hypoglycemia and mortality between patients who were and were not treated with insulin were marked, and highly statistically significant. Third, we had limited data regarding the dose of insulin administered. However, given a paucity of firmly established protocols guiding in-sulin administration in patients with AMI and hyperglycemia, our study reflects routine clinical care. Fourth, the specific cause of hypoglycemia in patients who were not treated with insulin could not be definitively established. Finally, due to limited followup, we could not assess the effect of hypoglycemia on long-term outcomes; however, we believe that it is highly unlikely that an episode of insulininduced in-hospital hypoglycemia would directly affect patient outcomes beyond the hospitalization period.
In conclusion, our findings demonstrate that while hypoglycemia is associated with increased short-term mortality in patients hospitalized with AMI, this risk is confined to patients who develop hypoglycemia spontaneously. In contrast, hypoglycemia that occurs after initiation of insulin therapy is not associated with higher mortality risk. While continuous efforts to avoid hypoglycemia are warranted, these data suggest that hypoglycemia is a marker of severe illness, rather than a direct cause of adverse outcomes.
